Many magnetic resonance imaging (MRI) studies of HC in patients with major depressive disorder (MDD) have shown reduction in HC volume, [7] [8] [9] [10] [11] [12] while some others have not found any change. [13, 14] A smaller left (Lt) HC [9, 11] or right (Rt) HC [15] was reported in few studies. Structural changes in the HC related to total lifetime duration of illness have been reported in recurrent depressives. [16] [17] [18] [19] In contrast, other studies have found no evidence for an association between HC volume and number of depressive episodes. [9, 11] Of the few studies of first episode (FE) depression, either no change in HC was found [20] or volume reductions were reported. [21, 22] As far as the relation of HC volume with depression severity is concerned Vakili et al., observed a positive correlation, [14] but subsequent studies found no relation of HC volume with the severity of depressive episode. [22, 23] Executive deficits seen in depression include problems with planning, organizing, sequencing, shifting, information processing speed, and maintaining information in working T he relationship between hippocampus (HC) and major depression seems to be complex. Studies have found hippocampal atrophy in depression. [1, 2] The HC, apart from its well-established role in memory, [3] appears to have a possible role in regulation of executive functions. [4] [5] [6] Also, executive dysfunction is common in depression. In the present study, we compared the hippocampal volume and executive functions in depression with healthy controls. The relation of these parameters with severity of current episode and history of past depressive episodes was explored. This, to our knowledge, is the first such study on Indian population.
The hippocampus and executive functions in depression

A B S T R A C T Background:
The relationship between depression, hippocampus (HC), and executive dysfunctions seems complex and has been the focus of research. Recent evidence indicates a possible role of HC in executive dysfunction seen in depression. No such studies on Indian population have been done. Aim: To look for changes in HC and executive functions in depression. Settings and Design: A cross-sectional analytical controlled study. Sample size 50 (controls 50). Materials and Methods: Hippocampal volume and executive dysfunction was measured using structural magnetic resonance imaging (MRI) and Wisconsin Card Sorting Test (WCST), respectively. Findings on these two parameters were compared between depressives and healthy matched controls as well as between first episode (FE) and recurrent depressives and across the severity of depression (mild, moderate, and severe). Statistical Analysis: Statistical Package for Social Sciences (SPSS) version 17 was used for analysis. Normally distributed continuous variables were analyzed with independent t-tests. Analysis of variance (ANOVA) was used for multiple comparisons. Categorical data were compared with χ 2 or Fisher's exact test. Clinical correlations were conducted using Pearson correlations. Result: Depressed patients had a smaller left (Lt) hippocampal volume as well as poor performance on several measures of executive functions. Smaller hippocampal volume was found even in FE. Those who had a past burden of depressive illness had an even smaller hippocampal volume. No direct correlation was found between the HC volume and cognitive dysfunction. Conclusion: Depressive illness appears to be toxic to the HC. The relationship between HC and executive dysfunction in depression may be indirect through its functional connections.
Keywords: Depression, executive deficits, hippocampus, magnetic resonance imaging, wisconsin card sorting test memory. [24] [25] [26] [27] [28] The test commonly used to examine executive function in people with psychiatric disorders is the Wisconsin Card Sorting Test (WCST). [29] Studies have shown that WCST scores may vary as a function of the severity of depression. [30] [31] [32] However, some studies found no such relationship between severity of depression and the overall cognitive performance. [33] Moreover, only a few studied executive dysfunctions in young depressives. [25, 34] 
MATERIALS AND METHODS
This cross-sectional analytical controlled study included cases of major depression with or without history of past depression, diagnosed as per International Classification of Diseases-10 Diagnostic Criteria for Research (ICD-10-DCR) F32 and F33 using structured interview Diagnostic and Statistical Manual of Mental Disorders, 4
th Edition (DSM IV), between ages 21 and 50 years presenting to psychiatry outpatient department (OPD). Comorbid psychiatric illness, bipolar disorder, hypo/hyperthyroidism, head injury, substance abuse were excluded. Local ethical committee gave clearance. Beck's Depression Inventory (BDI) was administered to quantify the depression severity into mild, moderate, or severe. Structural MRI of the brain for morphometric study was done for all the patients and the hippocampal volumes measured. WCST (64 card, computerized version) was administered to all patients for the assessment of cognitive functions. For comparison, 50 healthy subjects matched with respect to age, gender, handedness, and educational level were selected. Controls were also screened for family history of depression. They were administered the General Health Questionnaire (GHQ -60, with an inclusion score of < 12) to rule out any significant psychiatric morbidity. A 1.5 T MRI machine (Siemens Magnetom Symphony Maestro Class with an additional workstation running Lenovo software) was used for imaging and all imaging and volumetric processing was carried outby the same operator (HS), blinded to participant identity and diagnosis. Standard protocols and procedures were followed. [23, 35, 36] The details of the methods adopted in WCST and MRI (including the radiological boundaries) can be accessed from the author (shahbaaz323@yahoo.com). The interrater reliability of hippocampal volume was high (r = 0.94, degrees of freedom (df) =31, P < 0.05).
Analysis of data
Using Statistical Package for Social Sciences (SPSS) 17, between and within group comparisons were made-between group comparison being between the controls and the depressed and within group between the FE and the multiple episode (ME) as well as between mild, moderate, and severe depressives. Normally distributed continuous variables were analyzed with independent t-tests. Analysis of variance (ANOVA) was used for multiple comparisons. Categorical datawere compared with χ 2 or, when the expected cell frequency fell below 5, Fisher's exact test. Clinical correlations were conducted using Pearson correlations. Multiple regression analysis was done wherever there was a significant correlation; taking depressed/controls as dependent variable and the correlated parameters as independent variables using stepwise regression method.
RESULTS
Patients with major depression and healthy controls did not differ significantly in age, marital status, education, or handedness. All patients and control subjects were males.
The depressives had a smaller Lt hippocampal volume (mean = 2,399.33; standard deviation (SD) =307.53) as compared to the healthy controls (mean 2,756.28; SD = 260.45), P < 0.001). The Rt hippocampal volume did not differ significantly between the patients and control groups. The ME had smaller Lt and RtHC as compared to the FE depressives (P < 0.001). When compared with the controls independently, the FE had significant hippocampal volume reduction only on the Lt side, while the ME had significantly lower HCvolume on both Rt and Lt side. In the recurrent depressive group, the average number of past episodes of depression was 2.305 with a history of electroconvulsive therapy (ECT) in three patients. The hippocampal volume did not differ significantly between the mild, moderate, and severe depressives either on the Lt or the Rt side.
There was a significant difference between the depressed and the nondepressed healthy controls on total errors, persevervative errors, perseverative responses, number of complete categories, and trials for the first category domains. The FE and ME depressives did not differ on any WCST parameters significantly. There was a significant difference between the mild, moderate, and severe depressives in terms of perseverative responses. No other difference was noted. In depressed and control groups, Pearson correlation coefficient analysis revealed significant correlation between the Rt hippocampal volume and the number of complete categories on WCST (R = 0.337, P < 0.05 and R 2 = 0.11). No significant correlation was seen between the other WCST parameter and hippocampal volume in any of the subgroups.
To summarize the results, the main findings of this study were:
• Depressed and control groups comparison -The depressed group had a lower Lt hippocampal volume as compared to the nondepressed healthy controls.
The RtHC did not differ significantly between the two groups. The depressed group also performed poorly on several measures of executive functions • ME and FE depressives' comparison -Currently, depressed patients who had a past burden of depressive illness (ME) had a lower Lt and Rt hippocampal volume as compared to depressives in their FE. The FE depressives when compared to healthy controls also had hippocampal volume reduction, but only on the Lt side. However, the ME did not differ from the FE depressives in terms of performance on WCST • M i l d , m o d e r a t e, a n d s e ve r e d e p r e s s ive s comparison -When seen across the ICD-10 severity specifiers (mild, moderate, and severe), the depressives did not differ in their hippocampal volume [ Tables 1-5] .
DISCUSSION
Smaller HC in depressive group suggests atrophy. There are several hypothesis to explain the observed decrease in HC volume in major depression, most prominent of these being that prolonged and raised cortisol levels can produce neuronal dysfunction with decreased glucoseuptake, reduced dendritic arborization, and ultimately, neuronaldeath and cell loss in the HC in animals. [37, 38] The presence of hippocampal atrophy in the FE itself along with the finding of greater volume reduction in recurrent depressives, suggests that the hippocampal atrophy goes on increasing with the burden of depressive illness. This seems to be in confirmation with the findings worldwide reported in previous such studies including a meta-analysis on HC volume loss in FE depression. [7] While this study reports that depressed patients in their FE itself have neuroanatomic changes and disease burden in the past adds to this insult, the debate whether depression causes hippocampal volume loss in a cumulative manner or a smaller hippocampal size itself predisposes these individuals to increasing number of depressive episodes, is far from settled. While this study suggests the former, it remains a fact that a cross-sectional study like this, in principle, cannot conclude about causality.
The presence of impairment on WCST performance in the depressed group as brought out in this study is in conformity with previous such studies worldwide, [32] indicating that depression affects cognition. Also, this study confirms that ME depressives and FE depressives are similar when assessed for the performance on various WCST parameters and cumulative illness did not affect their performance. But again, to conclude that cumulative illness has no effect on executive functions without doing a "before and after" serial WCST measurement study would be premature.
The absence of any significant correlation between hippocampal volumes with depression severity is in consonance with previous studies [21, 23] and substantiates that DSM IV classification of depressive episode is a purely symptom-based classification and does not correlate with neurobiology findings. [39] In the depressed group, we found smaller hippocampal volume as well as presence of significantly poor performance on WCST which would tend to suggest that the executive functions may be related to hippocampal volume loss in depressed individuals indicating thereby that those depressed who have a smaller HC also have executive dysfunction (in other words, the HC atrophy would be directly responsible for the cognitive deficits in depression) as has been suggested by Frodl et al. [23] Interestingly however, we did not find any such correlation. This may be explained by hypothesizing that the core structure of 15 .98 (7.577) <0.05* executive functions; thus, underlining a possible role of HC as a substrate for WCST performance. [5] In case of the ME patients, we considered the previous burden of illness in the form of past history of depression, unlike Sheline [19] who had considered the total number of days depressed as well as treatment particulars. This was done because it was felt that history of having been depressed in the past is much more reliable and easy to collect/recollect than the precise history of the number of days depressed and the treatment taken. The present study design did not consider treatment parameters/drug naivety of the patients. However, later assessment on this point revealed that some of the depressed patients were on antidepressants when enrolled in the study. In the FE only, five (out of 36) were on antidepressants. The type of drugs/dosage was not known reliably. Overall this group can be roughly taken to be drug naïve. In the group with a history of depressive episode in the past (ME), majority (11 out of 14) had been exposed to antidepressants in the past (ranging from 3 months back to about 10 years back) and only three out of 14 were on antidepressants at the time of study. Hence, a large majority of the depressed patients were not on any treatment when enrolled. But this study deliberately kept this dimension (the treatment and its implications like duration of treatment/drug free period before index presentation, etc.) out of the major outcome because the study was not designed to look into this aspect from the very beginning and no follow-up was done. Hence, conclusive inference on drug/treatment aspect was not derived as previous studies have done. [17] In the comparison of ME with the FE, the sample size of ME was only 14. This may be a little less number of subjects for a robust statistical analysis in this subgroup. However, previous studies world over have done similar evaluation with even lesser number of samples and come across with valuable and creditable inferences. [20] Also, the hippocampal volumes were not adjusted for total intracranial volume, but a recent meta-analysis [7] concluded that the total cerebral volume added little to any explanation of the variation of the volume of the gray matter structures in question. the HC may not be involved in depression. There are indications that instead of the core structure of HC, it may be the functional connections of the HC involved in executive functions which may be affected, thus explaining the executive dysfunction seen in depression. [5] This may possibly explain the WCST impairment in depressed group without any correlation with hippocampal volume loss. Wall and Messier [5] theorized that the HC-oribitomedial prefrontal circuit can efficiently contribute to the integration of cognition, emotion, and behavior; and can thus influence
The sample was all male and general health was expected to be better than general population. However, we believe that the results can still be generalized to the general Indian male population.
